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(57) Through the construction of a systenn capable 
of suitably assisting the motion of a connected body con- 
nected through joints, such as a leg of a walker, accord- 
ing to the various motional conditions of the connected 
body, a system is provided that is capable of imparting 
a suitable torque to the connected body according to the 
motional situation of the connected body at the time of 
various turns including the bending of the joints. The 
torque imparting system comprises a first measuring 
means 6, a second measuring means 7, a reference 
work volume determining means 8, and an external 
torque determining means 10. The first measuring 
means 6 measures the internal work volume w^ of the 
around-joint leg (the connected body). The second 
measuring means 7 measures an external work volume 
W2 around a joint imparted to the leg. The reference work 
volume determining means 8 determines a reference 
work volume Wq on the basis of the internal work volume 
of the leg measured by the first measuring means 6, 
The external torque determining means 10 determines 
an external torque T2 imparted to the leg in such a man- 
ner as to reduce the difference between the internal 
work volume w^ of the leg measured by the first meas- 
uring means 6 and the reference work volume Wq deter- 
mined by the reference workvolume determining means 



8, on the basis of the external work volume W2 measured 
by the second measuring means 7. 



FIG.l 




COHTROL UNIT 



I ^ 



SECOND MEASURIHG MEAHS (w?) 



REFERENCE WORK VOLUME 
DETERMIHING MEANS Cw} 



FIRST COEfFICIENt DETERMINING 
MEAHS (ci) 



EXIERHAL TORQUE MEASURING 
MEANS CTO 



MEMORY MEANS Cca) 



Printed by Jouve, 75001 PARIS (PR) 



EP 1 410 780 A1 



Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a system for innparting an external torque around a joint with respect to a 
connected body relatively rotatably connected through Joints, nnore particularly to a system for imparting the external 
torque around a foot joint, knee joint, or hip joint with respect to a walker's leg. 

BACKGROUND ART 

10 

[0002] A system for assisting walking of a person who has difficulty in walking without help because of a drop of 
strength in legs has been proposed in Japanese Patent Application Laid-Open Nos. 7-163607 and 2000-166997, and 
the like, In this system, a torque imparting apparatus is attached to patient's knee joint portions and the like, a torque 
is imparted to knees by the apparatus, and this assists a walker in walking. 
15 [0003] However, according to a conventional system, walking conditions on stairs, flatland, and the like are only 
roughly identified, and the torque has been imparted without identifying various walking conditions such as stairs in- 
cluding irregular steps and slops having different inclinations. Therefore, there is a possibility that the imparted torque 
becomes excessive. 

[0004] Therefore, a problem to be solved by the present invention is to provide a system that is capable of imparting 
20 a suitable torque to a connected body in accordance with motional situations of the connected body at the time of 
various turns including the bending of joints, through a construction of the system capable of suitably assisting the 
motion of the connected body connected, in general, through joints, to a leg body of the walker, in accordance with to 
various motional conditions of the connected body. 

25 DISCLOSURE OF THE INVENTION 

[0005] To solve the problem, accordingtothepresent invention, there is provided atorque imparting system including: 
a first measuring means for measuring an internal work volume around a joint generated from a connected body; a 
second measuring means for measuring an external work volume around the joint imparted to the connected body; a 

30 reference work volume determining means for determining a reference work volume on the basis of the internal work 
volume of the connected body measured by the first measuring means; an external torque determining means for 
determining an external torque imparted to the connected body in such a manner as to reduce a difference between 
the internal workvolume of the connected body measured by the first measuring means and the reference work volume 
determined by the reference work volume determining means on the basis of the external work volume measured by 

35 the second measuring means; and an external torque imparting means for imparting the external torque determined 
by the external torque determining means to the connected body. 

[0006] According to the present invention, the external torque around the joint is imparted to the connected body so 
that the internal work volume around the joint of the connected body agrees with the reference work volume. Therefore, 
when motional conditions of the connected body fluctuate, and the work volume of the connected body required for 

40 the motion exceeds the reference work volume, the external torque is imparted to the connected body in the form of 
assistance of a surplus. Moreover, when the internal torque is exerted in accordance with the reference workvolume 
in the connected body regardless of the fluctuation of the motional conditions, the motion can be achieved. 
[0007] Moreover, the external torque imparted to the connected body is determined on the basis of the external work 
volume imparted to the connected body, and the reference work volume which is the basis of the determination is 

45 determined on the basis of the internal work volume of the connected body. Therefore, a suitable external torque can 
be imparted to the connected body in accordance with a balance between the internal work volume and the external 
work volume of the connected body. It is to be noted that the external torque imparted by the present system includes 
an external torque in all planes such as an xy plane, yz plane, and zx plane assuming that a motion direction is an x- 
axis and a vertical direction is a z-axis, that is, an external torque in any direction in a three-dimensional space. 

50 [0008] Moreover, the torque imparting system of the present invention is characterized in that the connected body 
is a walker's leg body including a hip joint, knee joint, and foot joint. 

[0009] Accordingtothepresent invention, when the suitable torque is imparted in accordance with walking situations 
on various walking conditions such as the bending of the walker's knee joint of the leg body, the walking can suitably 

be assisted. 

55 [0010] Furthermore, the torque imparting system of the present invention includes a first coefficient determining 
means for regarding a ratio of the external work volume imparted to the connected body with respect to the internal 
work volume of the connected body as a desired value in a case in which a difference from the reference work volume 
determined by the reference work volume determining means is 0 and for successively determining a first coefficient 
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so that the coefficient converges to the desired value with an elapse of tinne. The first nneasuring means measures the 
internal torque around the joint of the connected body, the external torque determining means calculates a product of 
the internal torque of the connected body measured by the first measuring means and the first coefficient determined 
by the first coefficient determining means, and the calculation result is determined as the external torque imparted to 
5 the connected body. 

[0011] According to the present invention, when the internal work volume of the connected body exceeds the refer- 
ence work volume, the first coefficient and further the external torque to be imparted to the connected body are suc- 
cessively determined so as to eliminate the surplus. Moreover, when the first coefficient converges to the desired value, 
and the external torque determined on the basis of the first coefficient is imparted to the connected body, the motion 

10 by the internal torque exerted in accordance with the reference work volume of the connected body can be achieved. 
[001 2] Furthermore, when a convergence rate of the first coefficient to the desired value is increased, and accordingly 
the work volume required for the motion exceeds the reference work volume by the fluctuation of the motional condi- 
tions, the external torque can be imparted to the connected body so as to quickly eliminate the surplus, On the other 
hand, when the convergence rate of the first coefficient to the desired value is decreased, and accordingly the work 

15 volume required for the motion exceeds the reference work volume by the fluctuation of the motional conditions, the 
external torque can be imparted to the connected body so as to slowly eliminate the surplus. 

[0013] Moreover, the torque imparting system of the present invention is characterized in that the first coefficient 
determining means determines an upper limit or a lower limit of the first coefficient on the basis of the internal work 
volume measured by the first measuring means or the external work volume measured by the second measuring 
20 means. 

[0014] According to the present invention, since the upper limit orthe lower limit is set to the first coefficient, a situation 
where the external torque imparted to the connected body becomes excessively large or small can be avoided. There- 
fore, when the connected body is the walker's leg body, the walker can walk more comfortably, The upper limit or the 
lower limit of the first coefficient is determined on the basis of the internal work volume or the external work volume 
25 which fluctuates in accordance with a motional situation of the connected body. Therefore, the external torque can 
suitably be limited in accordance with the motional situation. 

[001 5] Furthermore, the torque imparting system of the present invention is characterized in that the first coefficient 
determining means determines the lower limit of the first coefficient as 0, when a total work volume constituting a sum 
of the internal work volume determined by the first measuring means and the external work volume measured by the 
30 second measuring means is not more than the reference work volume determined by the reference work volume de- 
termining means. 

[0016] The desired value of the first coefficient is determined so that the internal work volume of the connected body 
agrees with the reference work volume as described above. Therefore, when the total work volume of the connected 
body decreases and becomes smaller than the reference work volume, the first coefficient is determined to be negative 
35 so that the Internal torque of the connected body and further the internal work volume are increased to agree with a 
reference torque, and a negative external torque constituting a resistance of the motion can be imparted to the con- 
nected body. 

[0017] According to the present invention, in this case, the lower limit of the first coefficient is determined as 0, and 
the external torque which is determined as a product of the first coefficient and the internal torque Is 0. Therefore, a 

40 situation where the negative external torque is Imparted to the connected body can be prevented. 

[0018] Moreover, the torque imparting system of the present invention is characterized in that the first coefficient 
determining means determines the upper limit of the first coefficient, when the total work volume constituting the sum 
of the internal work volume determined by the first measuring means and the external work volume measured by the 
second measuring means is not less than a predetermined volume not less than the reference work volume determined 

45 by the reference work volume determining means. 

[0019] When the total work volume of the connected body increases and largely exceeds the reference work volume, 
the first coefficient can be determined to be excessively large so that the internal torque of the connected body and 
further the internal work volume are decreased to agree with the reference work volume, and the excessively large 
external torque can be imparted to the connected body. 

50 [0020] According to the present invention, in this case, since the upper limit of the first coefficient is determined, the 
upper limit is disposed in the external torque determined as the product of the first coefficient and the internal torque. 
This can prevent a situation where the excessively large external torque is imparted to the connected body 
[0021] Furthermore, in the torque imparting system of the present invention, the first measuring means measures a 
product of the internal torque of the connected body around the joint and an angular velocity thereof, and the first 

55 coefficient determining means segments and determines the first coefficient in accordance with a segment of the prod- 
uct measured by the first measuring means. The external torque determining means uses the first coefficient previously 
determined on the basis of the internal work volume in accordance with the past segment of the product by the first 
coefficient determining means to determine the external torque, when the segment of the product measured by the 
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first measuring means agrees witfi the past segment of the product previously measured by the first measuring means. 
[0022] Moreover, the torque imparting system of the present invention is characterized in that the first coefficient 
determining means segments and determines the first coefficient depending on whether the product of the internal 
torque of the connected body around the joint measured by the first measuring means and the angular velocity is 
5 positive or negative. 

[0023] Furthermore, in the torque imparting system of the present invention, the reference worl< volume determining 
means calculates the total work volume which is the sum of the internal work volume measured by the first measuring 
means and the external work volume measured by the second measuring means. The means calculates a product of 
a difference between the total work volume and the internal work volume of the connected body in a non-load state 
10 measured by the first measuring means, and a second coefficient concerning the external torque assuming that the 
difference between the internal work volume of the connected body and the reference work volume is 0, and calculates 
a difference between the total work volume and the product to determine the calculation result as the reference work 
volume, 

[0024] According to the present invention, for a fluctuation of the total work volume required at the time of the motion 
15 with respect to the reference work volume, a fluctuation to be compensated by the external torque is determined by a 

size of the second coefficient. That is, when the second coefficient is set to be large, a ratio of the fluctuation to be 
compensated by the external torque in the fluctuation can be increased. On the other hand, when the second coefficient 
is set to be small, the ratio of the fluctuation to be compensated by the external torque in the fluctuation can be reduced. 
It is to be noted that "the internal work volume of the connected body in the non-load state" includes: the internal work 
20 volume at the time of the motion of the connected body in a state where no load is added from the outside; and also 
the internal work volume at the time of the motion of the connected body in a state where the load is added from the 
outside, corrected in consideration of the load so that the internal work volume in the state in which the load is not 
added can fictitiously be obtained. 

[0025] IVIoreover, the torque imparting system of the present invention is characterized in that the first and second 
25 measuring means regard a motion period of the connected body as an integration time to measure the internal and 
external work volumes. 

[0026] According to the present invention, the external torque to be imparted to the connected body in the nextmotion 
period can be determined on the basis of the internal work volume and the external work volume of the connected 
body in an immediately previous motion period. When the connected body is the walker's leg body, the external torque 
30 to be next imparted to the left/right leg body can be determined on the basis of the internal work volume and the external 
work volume from when the right or left foot leaves a floor until the foot contacts the floor and from when the left or 
right foot leaves the floor until the foot contacts the floor. 

[0027] Furthermore, in the torque imparting system of the present invention, the first measuring means measures a 
reaction force which works on one joint of the connected body, measures a total torque of the internal torque and 

35 external torque of the connected body around each joint in accordance with an inverse kinetic model on the basis of 
measured reaction force, and calculates a difference from the external torque measured by the second measuring 
means from the measured total torque to measure the internal torque of the connected body around each joint. 
[0028] Although details are described later, according to the inverse kinetic model, the connected body is assumed 
as a plurality of rigid rods rotatably and successively connected through the joints, and a torque of one rigid body 

40 around another joint and the reaction force of the other joint are detennined on the basis of the torque of one rigid rod 
around one joint and the reaction force of one joint. Therefore, according to the present invention, since the torque 
around the joint at an end of the connected body and the reaction force of the joint are measured on the basis of the 
reaction force in the end of the connected body, the torque of the other joint can successively be measured. Moreover, 
the torque measured in accordance with the inverse kinetic model is the sum of the internal torque and external torque, 

45 Therefore, when the external torque is subtracted from the measured torque, the internal torque can be measured, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a constitutional explanatory view of a walking assisting apparatus which is a torque imparting system 
50 of the present embodiment; FIG. 2 is a schematic explanatory view of walking assistance by the walking assisting 
apparatus; FIG. 3 is a flowchart showing a function of the walking assisting apparatus; FIG, 4 is a schematic explanatory 
view of floor reaction force measurement of a walker's foot; FIG. 5 is a schematic explanatory view of torque meas- 
urement around a walker's joint; FIG. 6 is an explanatory view of an experiment result of the walking assistance by the 
walking assisting apparatus, and FIGS. 7 and 8 are explanatory views of a simulation result of the walking assistance 
55 by the walking assisting apparatus. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0030] An embodiment of a torque imparting system of the present invention will be described with reference to the 
drawings. 

5 [0031] The torque imparting system shown in FIG. 1 includes: a first actuator (external torque imparting means) 1 , 
attached to a walker's waist, for Imparting an external torque around a hip Joint; second actuators (the same as above) 
2, attached to walker's knees, for imparting the external torque around a knee joint; a control unit 3 for controlling 
operations and the like of the respective actuators 1 , 2; and a battery 4 such as an Ni-Zn battery for supplying power 
to the respective actuators 1 , 2. The control unit 3 and battery 4 are housed in a backpack 5 carried on a walker's back. 

10 The first actuator 1 applies the external torque around the hip joint via a bellyband b and a thigh pad c attached to a 
walker. The second actuator 2 imparts the external torque around the knee joint via the thigh pad c and shin guard d 
attached to the walker. It is to be noted that the walker's waist, thigh, and shin correspond to a "connected body". 
[0032] Moreover, the present walking assisting apparatus is attached to the walker's back, and includes a gyro sensor 
g for measuring an angular velocity with respect to a vertical direction of the upper part of the body, and a G sensor g' 

15 for measuring acceleration in a horizontal directton. The apparatus is further attached to the walker's waist, and includes 
the gyro sensor g for measuring the angular velocity with respect to the vertical direction of the waist, and the G sensor 
g' for measuring the acceleration in the horizontal and vertical direction. Moreover, the apparatus includes angle sensors 
a which are attached to the walker's waist to measure rotation angles of left/right thighs around the hip joints with 
respect to the waist and which are attached to the knees to measure the rotation angles of the shins with respect to 

20 the thighs. 

[0033] The control unit 3 includes a first measuring means 6, second measuring means 7, reference work volume 
determining means 8, first coefficient determining means 9, external torque determining means 1 0, and memory means 
11 . The control units is constituted from a combination of CPU, signal input/output circuit, memory, and the like so as 
to be capable of fulfilling various functions described later. 

25 [0034] The first measuring means 6 measures an internal torque T^ of a leg body around knee and hip joints, and 
an internal work volume w-| which is time integration of an absolute value of a product of the internal torque and an 
internal angular velocity coi on the basis of measured values of the respective sensors g, g', a. The second measuring 
means 7 measures an external work volume Wg which is the time integration of the absolute value of the product of an 
external torque Tg around the knee and hip joints and an external angular velocity 0)2 on the basis of torque values of 

30 the respective actuators 1 , 2 and the measured values of the angle sensors a. The reference work volume determining 
means 8 determines a reference work volume Wq on the basis of the internal work volume w^ of the leg body measured 
by the first measuring means 6. The first coefficient determining means 9 determines a ratio of the external work volume 
W2 to the internal work volume w^ in a case where a deviation of the internal work volume w^ from the reference work 
volume Wq detemriined by the reference work volume determining means 8 becomes 0 as a desired value Cjq, deter- 

35 mines a ratio of the external work volume Wg to the Internal work volume w^ as a first coefficient c^ , and successively 
determines the first coefficient so that the coefficient converges to the desired value with an elapse of time. The 
external torque determining means 10 calculates a product of the internal torque T^ measured by the first measuring 
means 6 and the first coefficient Ci determined by the first coefficient determining means 9 to determine the external 
torque T2 imparted around the hip and knee joints through the actuators 1 , 2. The memory means 11 is constituted of 

40 nonvolatile memories such as ROM, volatile memories such as RAM, and the like, and stores a second coefficient Cg 
for use in determining the reference work volume Wq as described later, a data table for use in measuring floor reaction 
forces onto the walker's left/right feet, and the like. 

[0035] A function of the walking assisting apparatus constituted as described above will be described with reference 
to FIGS. 2 to 8. 

45 [0036] First, an outline of the external torque around the knee joint imparted to the walker's leg body from the second 
actuator 2 will be described with reference to FIG. 2. The internal work volume w^ around the knee joint at the time 
when the walker walks on aflatland in a non-load state is shown in blackened portions. It is to be noted that the "internal 
work volume w^ in the non-load state" includes: an internal work volume measured by a three-dimensional motion 
analysis apparatus and the like in a state in which the walking assisting apparatus is not attached to the walker; and 

50 also an internal work volume determined by decreasing the internal work volume measured by the angle sensors a in 
a state in which the walking assisting apparatus is attached to the walker in consideration of a weight or friction of the 
apparatus. 

[0037] It is assumed that the internal work volume w^ around the knee joint exceeds that at the time of the walking 
on the flatland by Aw (see shaded portions of FIG. 2(3) ), when the walker starts going up the stairs. This exceeding is 
55 caused because the walker needs to move the leg body more largely in going up the stairs than in walking on the 
flatland. Therefore, the walker who can walk on the flatland but cannot walk up the stairs because of a drop in muscle 
strength has difficulty in going up the stairs. 

[0038] To solve the problem, the external torque Tg is imparted to the leg body so as to assist the walker in walking 
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up the stairs. After determining the reference worl< volunne w as described later, the external torque T2 is successively 
determined on the basis of the internal torque so that the internal work volume converges to this reference work 
volume Wq. Accordingly, as the walker goes up the stairs, the external work volume W2 (see whitened portions of FIG, 
2(D to @ ) gradually increases every shift to © from0 , @ from @ , @ from @ in FIG. 2, and accordingly the 
5 internal work volume w^ gradually decreases to converge to the reference work volume Wq. Therefore, a burden on 
the walker's muscle strength required for generating the internal torque around the knee Joint is decreased as the 
waiker goes up the stairs. Thereafter, the walker can continue waiking up the stairs by the internal torque T^ exerted 
in accordance with the reference work volume Wq. 

[0Q39] Next, details of a procedure for determining the external torque T2 around the hip and knee joints imparted 
10 to the leg body from the first and second actuators 1 , 2 will be described with reference to FIGS. 3 to 6. It is to be noted 
that affix i is suitably attached to a physical amount in a walker's i-th (i = 1, 2, ..) walking period (hereinafter referred 
to as the "i-th period"). 

[0040] First, the internal torque T-|(j) and angular veiocity (Oi(j) around the knee and hip joints are measured (FIG. 3 
s1). A method of measuring the internal torque T-i^jj will be described with reference to FIGS. 4 and 5. 
15 [0041] The floor reaction forces onto the walker's left/right leg bodies are measured using a model shown in FIG. 4. 
Floor reaction forces (Fl^, F|_y), (Fp^^^, F^y) act on the left and right leg bodies of the walker having a mass m shown in 
FIG. 4. Walker's body gravity center coordinate, left foot joint coordinate, and right foot joint coordinate are (Xq, ^q), 
(Xl, yj, (Xr, yp), respectiveiy. In consideration of a balance or direction of the force in this model, the following relational 
equations (1 a) to (1 d) are obtained. 

20 

Fpy+FLy = mCg+ye") (g: gravity acceleration) (1 a) 



Frx+Flx = hixq" (1b) 



(YG-yRM^G-XR) = FRy/pR^ (1c) 

30 

(Vg-VlVCXg-Xl) = ^Ly/FLx (1 d) 

[0042] The walker's mass m is measured beforehand. The body gravity center coordinate (xq, yQ), left/right foot joint 
coordinates (X|_, yj, (x^, y^), and accelerations (Xq", yQ*') of the body gravity center coordinate are measured on the 
basis of the measured values of physical measurement of the walker in advance, gyro sensor g and G sensor g' 
attached to the walker's waist and the like, and angle sensors a attached to the hip and knee joints. In detail, the left/ 
right foot joint coordinates (X|_, yj, (Xr, yp), and the like are measured on the basis of a data table in which correspond- 
ences with the angles of the hip or knee joints, the lengths of the thigh and shin, and the like stored in the memory 
means 11 are specified. Moreover, when these measured values are assigned to the above relational equations, the 
first measuring means 6 measures the floor reaction forces {F^, Fy^), {F^^, Fpy). 

[0043] Next, a total torque around the knee and hip joints is measured in accordance with an inverse kinetic model 
using a model shown in FIG. 5 based on the measured floor reaction force. As shown in FIG. 5, it is assumed that a 
floor reaction force (F^x, F^y) acts on the foot joint, a reaction force (F^^, F^y) acts on the knee joints, and a force (mx", 
m(y"+g)) accompanied by the acceleration acts on the center of gravity of the shin with the mass m. It is also assumed 
that torques around the foot and knee joints are Tg, T^, respectively, an angle formed between the shin and the floor 
is G, moment of inertia of the shin is I, and distances between the foot and knee joints and the center of gravity of the 
shin are a, b, respectively. In consideration of the balance of the force or torque in this model, the following relational 
equations (2a) to (2c) are obtained. 

50 

Fax-Fbx-™" = 0 (2a) 



Fay-Fby-my"-mg = 0 (2b) 
55 

16" = Tg-Tb+Fg^asine-Fayacose 



EP 1 410 780 A1 



15 



20 



+ FbxbsinG-Fbybcose (2o) 

[0044] The floor reaction force (Fg^, Fgy) is measured by the above-described nriethod. IVIoreover, an acceleration 
^ (x", y") of the center of gravity of the shin, angle 9 of the shin with respect to the floor, and angular acceleration 9" are 

measured on the basis of the measured values of the physical measurement of the walker in advance and the gyro 
sensor g, G sensor g', and angle sensors a attached to the walker. Furthermore, the moment of inertia of the shin I, 
and the distances a, b between the foot and knee joints and the center of gravity of the shin, respectively, are measured 
on the basis of the physical measurement of the walker in advance. The torque T^ around the foot joint is measured 
by the first measuring means 6 in accordance with the data table stored in the memory means 11 on the basis of the 
floor reaction force (F^^^, F^y). Moreover, when these measured values are assigned to the above relational equations 
(2a) to (2c), the torque T^ around the knee joint is measured. Similarly, the above relational equations (2a) to (2c) are 
also used to measure the torque around the hip joint. 

[0045] When an external torque Tg^jj imparted by the first and second actuators 1 , 2 is subtracted from the torque 
around the knee and hip joints measured as described above, the internal torque T-i^j^ around the knee and hip joint is 
measured (FIG. 3 s1 ). The internal angular velocity co-i^j) and external angular velocity co2(j) (since both are considered 
to substantially agree with each other, they are represented by an angular velocity o^j) in common) are also measured 
by the angle sensors a (FIG. 3 si ). It is to be noted that the external torque T2(j) around each joint is measured by the 
second measuring means on the basis of the torque values of the first and second actuators 1 , 2. 
[0046] Next, the external torque Tg^j) is determined by the external torque determining means 10, and imparted to 
the walker's leg body through the first and second actuators 1 , 2 (FIG. 3 s2). The external torque T2(j) is determined 
by the product of the internal torque T^^ successively measured by the first measuring means 6 and a first coefficient 
c^^^ determined by the first coefficient determining means 9 every walking period. That is, the first coefficient c-^jj 
determines the percentage of the external torque T2(j) with respect to the internal torque T^^jj. A method of determining 
25 the first coefficient c^^j^ will be described later. 

[0047] Subsequently, the control unit 3 judges whether or not an i-th period has been elapsed (FIG. 3 s3). Specifically 
a period in which the floor reaction force of the right foot measured by the first control means 6 turns to 0 from a finite 
value, again turns to the finite value, and thereafter turns to 0 is judged as an elapse of a walking period. 
[0048] The above-described process of s1 to s3 is repeated before the elapse of the i-th period (NO in s3 of FIG. 3) 
and until the operation of the walking assisting apparatus Is ended. 

[0049] When it is judged that the i-th period has elapsed (YES in s3 of FIG. 3), the first measuring means 6 measures 
the internal work volume w^^jj around each joint is measured in accordance with the next equation (3) (FIG. 3 s4). That 
is, the internal work volume w-j^j^ is measured by integrating the absolute value of the product of the internal torque 
Ti(j) around each joint and the angular velocity oo^jj over the i-th period. 

35 

Wi(i) = /dt*ITi(j)Xo)(i)l (3) 

[0050] Moreover, the second measuring means 7 measures an external work volume W2(|) around each joint in ac- 
cordance with the next equation (4) (FIG. 3 s5). That is, the external work volume W2(j) is measured by integrating the 
absolute value of the product of the external torque T2(j) around each joint and the angular velocity co^jj over the i-th 
period. 



45 W2(i) = JdflT2(i)X0)(i)l (4) 

[0051] It is to be noted that the internal torque T^^y external torque T2(j), and angular velocity co^j) around each joint 
are physical amounts which are time functions fluctuating every moment even in the i-th period. 
[0052] Furthermore, the reference work volume determining means 8 determines a reference work volume Wg^j^^j 
of an i-i-lst period in accordance with the next equation (5) (FIG. 3 s6). In detail, first a fluctuation of a total work volume 
Wi (i)+W2(i) which is a sum of the internal work volume Wi and the external work volume W2(j) with respect to an internal 
work volume w^^q) at the time of the flatland walking measured beforehand is measured. That is, a reference work 
volume Wo(j+i) is determined by subtracting a product of the second coefficient C2 (0 < C2 < 1) stored in the memory 
means 11 and a fluctuation AWj from the total work volume w.,(jj+W2(j). The second coefficient c2 determines a ratio of 
a fluctuation compensated by an imparted external torque T2(j+ij in this fluctuation AWj. For example, when the second 
coefficient C2 is set to 1 .0, an external torque T2(i+i) is determined so as to compensate for all the fluctuations AWj, that 
is, so that the walking can be continued by the internal work volume w-i^q) i*^ ^ flatland walking state regardless of the 
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fluctuation of a walking state. When the second coefficient C2 is set to 0.5, the external torque T2(i^.1) is determined so 
as to compensate for the half of the fluctuation AWj. It is to be noted that the second coefficient C2 may also be set/ 
updated in an operation panel (not shown) and the lil<e. 

Wo(i+1) = Wifj)+W2(ij-C2AWi (5) 

[0053] Moreover, the first coefficient determining means 9 determines a desired value c-rQ^j^.^ j of the first coefficient 
in accordance with the following equation (6) (FIG. 3 s7). 



c 



tG(i+1) = C2AWi/{Wi(0)+(1 -C2)AWi} (6) 

[0054] Moreover, the first coefficient determining means uses a gain coefficient G (0 < G s 1 ) stored in the memory 
means 11 to determine the first coefficient c^^j^^^ in accordance with the following equation (7). The size of the gain 
coefficient G determines a speed at which the internal worl< volume w^^j^^^ converges to the reference worl< volume 
^0(1+1)- is, the external torque Tg^j^ is increased so that the internal work volume w^^jj quickly converges to the 
reference work volume Wo(j) with an increase of the gain coefficient G. It is to be noted that the gain coefficient G may 
also be set/updated in the operation panel (not shown). 

Cl(i+1) = W2(i)/Wi(i)+G(CT-Q(i^ij-W2(j/Wi(iP (7) 

[0055] Un less the operation of the walking assisting apparatus is ended (NO in s9 of FIG. 3), the first coefficient c^yj\ 
of the i-th period is updated to c^^j^^^ (FIG. 3 s11). Additionally, with respect to the i+lst period, the first measuring 
means 6 measures the internal torque T-j^j^-jj (FIG. 3 s1). Moreover, the external torque determining means 10 deter- 
mines the external torque T2(j+i) as the product of the first coefficient Ci(n^.i) and the internal torque '^^^^^^^) as described 
above as in the following equation (8) (FIG. 3 s2). 

[0056] Moreover, the external torque T2(j+i) determined by the external torque determining means 10 is imparted to 

the walker's leg body through the first and second actuators (FIG. 3 s2). 

[0057] Next, a result of an experiment concerning the fluctuation of the external torque T2 imparted to the walker's 
knee joint with the fluctuation of the walking conditions will be described with reference to FIG. 6. FIG. 6 shows the 

fluctuation of the first coefficient c^ in a case in which the walker starts walking on the flatland, goes up the stairs, and 
goes down the stairs. As described above, since the first coefficient c^ governs the percentage of the internal torque 
T-i determined/imparted as the external torque Tg, the fluctuation of the external torque J 2 ^^"^ indirectly be grasped 
through the fluctuation thereof. It is to be noted that in the experiment, an upper limit of the first coefficient c^ is set to 
0.25, and that of the second coefficient C2 is set to 0.25. 

[0058] At the time of the walking on the flatland, the first coefficient starting from 0 reaches the upper limit of 0.25, 
and thereafter gradually decreases to reach 0 (see downward arrows in the drawing). This indicates that immediately 
after the start of the walking on the flatland, a large external torque is imparted to the knee joint to assist the walker in 
walking, thereafter the external torque gradually decreases, and the walker walks on one's own. 
[0059] Moreover, when the walker goes up the stairs, the first coefficient c^ reaches the upper limit of 0.25 from 0, 
and is thereafter maintained at the upper limit substantially over the whole time. This indicates that while the walker 
goes up the stairs, the walker is assisted in walking by a steadily imparted large external torque to the knee joint thereof, 
[0060] Furthermore, when the walker goes down the stairs, the first coefficient c-| rises to about 0.1 from 0, slightly 
decreases, and gradually increases to about 0.15 (see upward arrows in the drawing). This indicates that a suitable 
external torque in going down the stairs, which is smaller than that in going up the stairs, is imparted to the knee joint 
to assist the walker in walking. 

[0061] Subsequently, a result of simulation on the fluctuation of the external work volume W2 imparted to the walker 
in relation to the fluctuation of the walking conditions will be described with reference to FIGS. 7 and 8. In FIGS. 7 and 
8, the ordinate indicates the total work volume required for the walking, and the abscissa indicates a walking period of 
the walker. The work volume is standardized by the total work volume (dotted line) at the time of the flatland walking. 
Furthermore, in FIG. 7, the fluctuation of the total work volume on the basis of the volume at the time of the flatland 
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walking is shown by slanted lines, and in FIG. 8, the fluctuation of the external work volunne is shown by the slanted lines. 
[0062] As shown in FIG. 7, it is assumed that the total work volunne increases to 1 .0 in first to fourth periods, to 1 .5 
from 1.0 in a fifth period, to 1 ,5 in sixth to eleventh periods, and to 2.0 from 1 ,5 in a twelfth period. The volume is 
maintained at 2.0 in a thirteenth to seventeenth penods, decreases to 1 .5 from 2.0 in an eighteenth period, is maintained 
5 at 1 .5 in a nineteenth to 21st periods, decreases to 1 .0 from 1 .5 in a 22nd period, and is maintained at 1 .0 in and after 
a 23rd period. The increase of the total work volume follows, for example, a shift to the walking up the slope or stairs 
from the walking on the f latland, and the decrease of the total work volume follows, for example, the shift to the walking 
on the flatland from the walking up the slope or stairs. 

[0063] The simulation results of the fluctuations of the internal and external work volumes are shown in FIGS. 8(a), 
10 8(b), 8(c), and 8(d) in a case where combinations of the second coefficient Cq and the gain coefficient G are assumed 

to be (1 .0, 0.6), (0.5, 0.6), (1 .0, 1 .0), and (0.5, 1 .0), respectively 

[0064] Referring to FIGS. 8(a) and 8(c), when the second coefficient is 1 .0, the external torque and further the 
external work volume (shaded portions of FIGS. 8(a), 8(c)) imparted so as to compensate for all the fluctuation (shaded 
portions of FIG. 7) of the total work volume on the basis of that in the flatland walking state. Referring to FIGS. 8(b) 

15 and 8(d), when the second coefficient C2 is 0.5, the external torque and further the external work volume (shaded 
portions of FIGS. 8(b), 8(d)) imparted so as to compensate for the half of the fluctuation (shaded portions of FIG. 7). 
[0065] IVloreover, in comparison of FIGS. 8(a) and 8(c), or FIGS. 8(b) and 8(d), it is apparent that when the gain 
coefficient G is large, the external torque imparted around the joint and further the external work volume (shaded 
portions of FIGS. 8(a) to 8(d)) quickly fluctuate in accordance with the fluctuation (shaded portions of FIG. 7). It is also 

20 apparent that when the gain coefficient G is small, the external work volume imparted around the joint (shaded portions 
of FIGS. 8(a) to 8(d)) moderately fluctuates in accordance with the fluctuation (shaded portions of FIG. 7). That is, as 
described above with reference to FIG. 2, the external work volume (whitened portion) Wg gradually increases at the 
time of the walking-up of the stairs. However, when the gain coefficient G increases, a speed of the shift to FIG. 2@ 
from0 ,@ from(g) ,@ from@ increases. The smaller the gain coefficient G is, the lower the speed is. 

25 [0066] According to the present walking assisting apparatus, the external torque T2 around the joint is imparted to 
the leg body so that the internal work volume w^ around the walker's joint of the leg body agrees with the reference 
work volume Wq. Therefore, when the walker shifts to the stairs walking from the flatland walking and the like, the 
walking conditions fluctuate, and the work volume of the leg body required for the walking exceeds the reference work 
volume Wq, the external torque Tg is imparted to the leg bodies or the like in such a manner as to assist the surplus. 

30 Moreover, regardless of the fluctuation of the walking conditions, the walking is possible by the internal torque T^ 
exerted in accordance with the reference work volume Wq in the leg body. 

[0067] Moreover, the external torque T2 imparted to the leg body is determined on the basis of the first coefficient 
Ci and further the external work volume W2 imparted to the leg body (see the above equations (6) to (8)), and the 
reference work volume Wq which is a reference in the determination is determined on the basis of the internal work 
35 volume w^ of the leg body (see the above equation (5)). Therefore, the suitable external torque T2 can be imparted to 
the leg body in accordance with a balance between the internal work volume wl and the external work volume W2 of 
the leg body. 

[0068] Furthermore, when the gain coefficient G is increased, the convergence speed of the first coefficient Ci to the 
desired value c^q can be increased. Moreover, when the work volume required for the walking exceeds the reference 

40 work volume Wq by the fluctuation of the walking conditions, the external torque Tg can be imparted to the leg body so 
as to quickly eliminate the surplus (see FIGS. 8(c), 8(d)). On the other hand, when the gain coefficient G is reduced, 
the convergence speed of the first coefficient c^ to the desired value Cjq can be reduced. Moreover, when the work 
volume required for the walking exceeds the reference work volume Wq by the fluctuation of the walking conditions, 
the external torque T2 can be imparted to the leg body so as to slowly eliminate the surplus (see FIGS. 8(a), 8(b)). 

45 [0069] Moreover, for the fluctuation of the total work volume required for the walking with respect to the reference 
work volume Wq, the fluctuation to be compensated by the external torque Tg is determined by the size of the second 
coefficient Cg. That is, when the second coefficient Cg is set to be large, the ratio of the fluctuation to be compensated 
by the external torque T2 in the fluctuations can be increased (see FIGS. 8(a), 8(c)). On the other hand, when the 
second coefficient C2 is set to be small, the ratio of the fluctuation to be compensated by the external torque T2 in the 

50 fluctuations can be reduced (see FIGS. 8(b), 8(d)). 

[0070] It is to be noted that the external torque around the hip and knee joints is imparted to the walker's leg body 
in the present embodiment, but the external torque around the foot joint may also be imparted to the leg body in another 
embodiment, and an external torque of an arm around a hand root joint, elbow joint, or shoulder joint may also be 
imparted. That is, in the present embodiment, the "connected body" constituting an object to which the external torque 

55 is to be imparted includes the walker's waist and thigh connected through the hip joints, and the thigh and shin connected 
through the knee joints, but in the other embodiment, the "connected body" may also be the shin and foot connected 
through the foot joints. 

[0071] Moreover, in the present embodiment, the external torque around the joint has been imparted to the leg body 
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so as to assist the motion of a person, but in the other ennbodinnent, the external torque around the joint nnay also be 
innparted to the leg body so as to assist the motions of animals such as cats and dogs. This means that the torque 
imparting system of the present invention can be applied not only to human medical care, welfare, and sport fields or 
the like but also to a field of veterinary medicine. 

5 [0072] Furthermore, in the present embodiment, the external torque is imparted to the left/right leg bodies, but in the 
other embodiment, the external torque may be applied only to either one of left or right leg body. 
[0073] In the present embodiment, the external torque T2 has been imparted so as to assist the walker in walking, 
but in the other embodiment, the external torque T2 may also be imparted in a direction reverse to a direction in which 
the walker is to move. According to the other embodiment, when the first coefficient detemiining means 9 determines 

10 the first coefficient c^ to be negative, a symbol of the external torque T2 differs from that of the internal torque (see 
the above equation (8)). Moreover, when the walker tries to move against the imparted external torque T2.. a walker's 
muscle force can be strengthened. That is, the torque imparting system of the present invention is used as a training 
apparatus for strengthening athletes' muscle forces or the like, 

[0074] In the present embodiment, the control unit 3 is housed in the backpack 5 of the walking assisting apparatus, 

15 but in the other embodiment, the control unit 3 is separated from the walking assisting apparatus. By transmitting/ 
receiving signals between the two, the internal torque T^ in the control unit 3 may be measured, the external torque 
T2 may be determined, or operation instructions of the first and second actuators 1 , 2 may also be given. 
[0075] Moreover, the first coefficient determining means 9 may determine the lower limit of the first coefficient c^ as 
0, when the total work volume as the sum of the internal work volume w^ measured by the first measuring means 6 

20 and the external work volume W2 measured by the second measuring means 7 is equal to or less than the reference 
work volume Wq determined by the reference work volume determining means 8. Accordingly, when the total work 
volume w^-i-W2 of the leg body decreases to be below the reference work volume Wq, a situation can be prevented in 
which the first coefficient c^ is determined to be negative and the negative external torque Tg is imparted to the leg body. 
[0076] Furthermore, the first coefficient determining means 9 may also determine the upper limit of thefirst coefficient 

25 when the total work volume W1+W2 of the leg body is equal to or more than a predetermined volume (0, 1 .Swq, 
2.5wq, .. and the like) equal to or more than the reference work volume Wq determined by the reference work volume 
determining means 8. Accordingly, when the total work volume W1+W2 of the leg body increases to largely exceed the 
reference work volume Wq, a situation can be prevented in which the first coefficient c^ is determined to be excessively 
large and the excessively large external torque Tg is imparted to the leg body. 

30 [0077] In the present embodiment, the product of the internal torque T^ and angular velocity coi, and the product of 
the external torque T2 and angular velocity CO2 are time-integrated over the walking period of the walker, and the internal 
work volume w^ and external work volume W2 are measured based on the integral time (see the above equations (3), 
(4), and s3 to s5 of FIG. 3), but in the other embodiment, the integral time may also be a unit time, and may also be a 
different time such as a time required for the walker to move by a unit distance. 

35 [0078] In the present embodiment, the internal torque T^ and internal work volume w^ of the knee and hip joints have 
been measured on the basis of the floor reaction force onto the leg body in accordance with the inverse kinetic model 
(see FIG. 5, equations (2a) to (2c), and in the other embodiment, the internal torque T^ and internal work volume w^ 
of each joint may also be measured by a three-dimensional motion analysis apparatus. That is, the motion of the leg 
body is photographed from xyz directions, an image indicating an angle of each joint bent at an angular velocity is 

40 analyzed, and the internal torque T.| or the internal work volume w^ of each joint may be measured on the basis of this 
analysis result. 

[0079] In the present embodiment, the floor reaction force onto the walker's leg body has been measured on the 
basis of the measured values of the angle sensors a and the like (see FIG. 4, equations (1 a) to (1 d)), but in the other 
embodiment, a floor reaction force sensor is disposed on walker's shoes, and accordingly the floor reaction force may 

45 directly be measured. 

[0080] In the present embodiment, the internal torque T^ and (internal) angular velocity co around the joint are meas- 
ured, and the absolute value of the product of the both is time-integrated to measure the internal work volume w^ 
around the joint (see the equation (3)). In the other embodiment, muscle shrinkage force and speed associated with 
the walker's joint are measured, and the internal work volume w-| around the joint may also be measured on the basis 
50 of the product of the both. Alternatively, the angle of left/right thighs, shin and the like to the vertical direction, or the 
movement distances of the feet are measured, a correspondence data table of the measured value and the internal 
work volume w^ is stored/held by the memory means 11, and the measured value and data table may be used to 
measure the internal work volume w^ . 

[0081] In the present embodiment, the external torque T2 and (external) angular velocity co around the joint are 
55 measured, the absolute value of the product of the both is time-integrated, and accordingly the external work volume 
Wg around the joint is measured (see the equation (4)). However, in the other embodiment, power consumptions of the 
respective actuators 1 , 2 are measured, and the external work volume W2 may also be measured on the basis of the 
power consumption. When the actuators 1 , 2 are of a hydraulic type, the fluctuation of a hydraulic pressure is measured, 
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then the external work volume W2 may also be measured on the basis of the integral time of the hydraulic pressure 
fluctuation. 

[0082] Here, still another embodiment of the present invention will be described. The product of the external torque 
Tg around the walker's joint and the angular velocity co thereof in the case where the walker walks up the stairs is 

5 considered. It is assumed that a direction for bending the knees is "negative", and a stretching direction is "positive". 
[0083] When a walker's stepped right foot contacts an upper stair, the right knee bends. Next, when the walker 
detaches the left foot from a lower stair so as to walk up the stairs, the "positive" internal torque is generated so 
that the right knee is stretched from a bent state so as to lift up the walker's body. Moreover, the actuator 2 (see FIG. 
1) attached to the right knee imparts the "positive" external torque T2 so as to assist the right knee in stretching. 

10 However, immediately after the walker detaches the left foot from the lower stair, the right knee slightly bends by a 
walker's body weight, and the angularvelocityco becomes "negative". Therefore, both the product of the internal torque 
T^ and the angular velocity co, and the product of the external torque Tg and the angular velocity co are both "negative". 
[0084] Subsequently, with an elapse of a certain degree of time from when the walker detaches the left foot, the 
walker's right knee gradually stretches from the bent state by the "positive" internal torque Tl and external torque T2, 

15 and the angular velocity co becomes "positive". Therefore, both the product of the internal torque T^ and angular velocity 
CO and the product of the external torque T2 and angular velocity w are "positive". 

[0085] As seen from above, there may be cases where the product of the torque and angular velocity is sometimes 
"positive" or "negative" even in one walking period depending on the walking conditions. 

[0086] To handle such situations, in the other embodiment, the first measuring means 6 and second measuring 
20 means 7 measure integrated portions w^^jj^, W2(i)+ with the positive product of the internal and external work volumes 
W2(j) in accordance with the following equations (9) to (12), and integrated portions Wi(j)-, W2(i)" with the negative 
product thereof in a divided manner. 

25 W^l(l) = Wi(i)*+Wi(i)' 

= /df f*(Ti(i)X(0(i)) 

+/df f(Ti(i)XCO<i)) ... (9) 

30 

W2(i) = W2(l)*+W2(l)" 

= Jdf f^(T2(t)xa)(i)) 

35 

+/df f-(T2(i,xa>(i,) ... (10) 



f"'(x) = x(ifx>0), 

0(ifx<0) (11) 



45 f(x) = 0(ifx>0), 

-x(ifx<0) (12) 

[0087] Additionally, the first coefficient determining means 9 determines different first coefficients c^j+i)"^, Ci^j^.^)" on 

50 the basis of w^^jj^ and W2(j)+, further w^^j^- and W2(j)" (see the equation (7)). 

[0088] Moreover, the external torque determining means 10 determines the external torque T2(i+i) on the basis of 
the first coefficient c^^j^^^^ determined in accordance with the "positive" product in the i-th period, when the product of 
the internal torque Ti(j+i) and the angular velocity (©(j+^j is "positive" in an i+1st period (see the equation (8)). On the 
other hand, the external torque T2(j+i) is determined on the basis of the first coefficient c-i^j^-i)" determined in accordance 

55 with the "negative" product in the i-th period, when the product is "negative" (the same as above). 

[0089] Therefore, with the walking conditions agreeing with the past walking conditions, the existing external torque 
Tg can be determined/imparted on the basis of the first coefficient c^ determined beforehand in accordance with the 
past walking conditions. 
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[0090] Moreover, in the other embodiment, the first coefficient and further the external torque have been de- 
termined depending on whether the product of the internal torque Ti and angular velocity o) is positive/negative, but 
in still another embodiment, the first coefficient c^ may also be determined in accordance with three or more segments 
of the product. For example, the first coefficient c^ may also be determined, when the product is less than -2, not less 
5 than -2 and less than +1 , or +1 or more by an arbitrary unit. 



Claims 

10 1 . A system for imparting an external torque around a joint with respect to a connected body relatively and rotatably 
connected through the joint, comprising: 

a first measuring means for measuring an internal work volume around the joint generated from the connected 
body; 

15 a second measuring means for measuring an external work volume around the joint imparted to the connected 

body; 

a reference work volume determining means for determining a reference work volume on the basis of the 
internal work volume of the connected body measured by the first measuring means; 
an external torque determining means for determining an external torque imparted to the connected body in 
20 such a manner as to reduce a difference between the internal work volume of the connected body measured 

by the first measuring means and the reference work volume determined by the reference work volume de- 
termining means on the basis of the external work volume measured by the second measuring means; and 
an external torque imparting means for imparting the external torque determined by the external torque de- 
termining means to the connected body. 

25 

2. The torque imparting system according to claim 1 , wherein the connected body is a walker's leg body including a 
hip joint, knee joint, and foot joint. 

3. The torque imparting system according to claim 1 or 2, further comprising: 

30 

a first coefficient determining means for regarding a ratio of the external work volume imparted to the connected 
body with respect to the internal work volume of the connected body as a desired value in a case in which a 
difference from the reference work volume determined by the reference work volume detemnining means is 0 
and for successively determining a first coefficient so that the coefficient converges to the desired value with 
35 an elapse of time, wherein the first measuring means measures the internal torque around the joint of the 

connected body, 

the external torque determining means calculates a product of the internal torque of the connected body meas- 
ured by the first measuring means and the first coefficient determined by the first coefficient determining means, 
and 

40 the calculation result is determined as the external torque imparted to the connected body. 

4. The torque imparting system according to claim 3, wherein the first coefficient determining means determines an 
upper limit or a lower limit of the first coefficient on the basis of the internal work volume measured by the first 
measuring means or the external work volume measured by the second measuring means. 

45 

5. The torque imparting system according to claim 3, wherein the first coefficient determining means determines the 
lower limit of the first coefficient as 0, when a total work volume that is a sum of the internal work volume determined 
by the first measuring means and the external work volume measured by the second measuring means is not 
more than the reference work volume determined by the reference work volume detemiining means. 

50 

6. The torque imparting system according to claim 3, wherein the first coefficient determining means determines the 
upper limit of the first coefficient, when the total work volume that is the sum of the internal work volume determined 
by the first measuring means and the external work volume measured by the second measuring means is not less 
than a predetermined volume not less than the reference work volume determined by the reference work volume 

55 determining means. 

7. The torque imparting system according to claim 3, wherein the first measuring means measures a product of the 
internal torque of the connected body around the joint and an angular velocity thereof. 
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the first coefficient determining nneans segments and determines tlie first coefficient in accordance witli a 
segment of the product measured by the first measuring means, and 

the external torque determining means uses the first coefficient previously determined on the basis of the 
internal work volume in accordance with the past segment of the product by the first coefficient determining means 
to determine the external torque, when the segment of the product measured by the first measuring means agrees 
with the past segment of the product previously measured by the first measuring means. 

8. The torque imparting system according to claim 7, wherein the first coefficient determining means segments and 
determines the first coefficient depending on whether the product of the internal torque of the connected body 
around the joint measured by the first measuring means and the angular velocity is positive or negative. 

9. The torque imparting system according to claim 1 , 2, 3, 4, 5, 6, 7, or 8, wherein the reference work volume deter- 
mining means calculates the total work volume which is the sum of the internal work volume measured by the first 
measuring means and the external work volume measured by the second measuring means, 

a product of a difference between the total work volume and the internal work volume of the connected body 
in a non-load state measured by the first measuring means, and a second coefficient concerning the external 
torque assuming that the difference between the internal work volume of the connected body and the reference 
work volume is 0 is calculated, and 

a difference between the total work volume and the product is calculated to determine the calculation result 
as the reference work volume. 

1 0. The torque imparting system according to claim 1 , 2, 3, 4, 5, 6, 7, 8, or 9, wherein the first and second measuring 
means regard a motion period of the connected body as an integration time to measure the internal and external 
work volumes. 

11. The torque imparting system according to claim 1 , 2, 3, 4, 5, 6, 7. 8, 9, or 10, wherein the first measuring means 
measures a reaction force which works on one joint of the connected body, measures a total torque of the internal 
torque and external torque of the connected body around each joint in accordance with an inverse kinetic model 
on the basis of the measured reaction force, and calculates a difference from the external torque measured by the 
second measuring means from the measured total torque to measure the internal torque of the connected body 
around each joint. 
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FIG. 3 
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FIG. 4 
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